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Abstract 
A real-time ECG signal acquisition system with the DSP chip TMS320VC5509A as its core is introduced in this 
paper. It introduces the design of  ECG signal acquisition circuit in detail. ECG signal is analog filtered and amplified 
and then converted from analog to digital field. Finally, it is displayed in the LCD after digital low-pass filtering in 
DSP. The collected ECG data can truly reflect the condition of human heart’s health. The system has advantages of 
small volume, little power consumption, low cost and real-time processing 
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1. Introduction 
 In recent years, cardiovascular disease is still one of the main diseases that threats to human life. 
According to incomplete statistics, about 2000 people die of the cardiovascular disease around the world 
every year. Therefore, the prevention and diagnosis of cardiovascular disease becomes one of the primary 
issues that the medical profession faces today. The medical profession can already make early prediction 
and diagnose of the related lesions through the study of ECG pattern on time. Therefore, acquisiting and 
analyzing ECG signal accurately has important meaning. At present, the ECG data acquisition and 
analysis programs are mostly done by using MCU and ARM. However, the operation ability of SCM is 
limited and its storage space is too small, so it can’t process signals of long time acquisition and complex  
[1], and although ARM is powerful enough, DSP devices have more advantages in digital filtering and  
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further signal operations analysis of ECG signal [2,7]. 
2. Overall design 
2.1 Basic characteristics of ECG signal 
 The ECG signal is a bipolar low-frequency weak signal. According to the standard of the ECG 
institution of the USA, normal ECG signal frequencies vary in the range of 0.05-100Hz, mainly 
concentrate in the range of 0.05~ 35Hz and their amplitude ranges from 10 μ V to 4mV whose typical 
value is 1mV. 
2.2 System block diagram  
 According to the basic characteristics of ECG signal and powerful signal processing ability of DSP [2] 
[3], this design uses a DSP chip TMS320VC5509A as its control core whose highest working frequency is 
200M, SRAM128K*16, RAM128K*16, ROM32K*16. It is one of the 16-bit fixed-point digital signal 
processors with a abundance of on-chip peripherals [3].System schematic diagram is shown in Fig1(a): 
 
3. Dsign of ECG signal acquisition circuit 
 The ECG signal acquisition system includes input protection circuit, preamplifier, driver circuit of right 
leg, band-pass filter circuit, 50Hz notch filter, primary amplifier circuit and level uplift circuit. 
Fig. 1.  (a)  Schematic diagram of system; (b)The input protection circuit 
 When doing  electrocardiogram ,the first thing to consider is to secure human’s safe, and at the same 
time we must pay attention to how to reduce cardiac pacemaker pulse interference effects or damage on 
ECG testing equipments. The input protection circuit is designed in considering of these two issues. From 
Fig1(b), we can see ECG signal can pass without affection. When substantial interference enters, they will 
be limited to ± 0.7V by diode. The voltage follower made by OPA2604 is a buffer level [4], which 
actually is an impedance converter, so it plays an isolated role in the system. 
3.2 Preamplifier and driver circuit of right leg 
 When choosing an amplifier, we need to consider the aspects of gain, frequency response, input 
impedance, common mode rejection ratio, noise and drift and etc [1]. This system selects the amplifier 
AD620 [5] from AD company as the core components of ECG signal preamplifier. 
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Fig. 2.  (a)The preamplifier and driver circuit of right leg; (b) Band-pass filter circuit      
 Fig2(a)shows the design of the preamplifier and driver circuit of right leg for the system.The gain of 
amplifier circuit can be calculated by formula 3-1.      is 5.1 K Ω, and the gain G is about 10.
 
                                                                                                                                            (1)                        
3.3 Band-pass filter circuit 
 Band-pass filter circuit adopts feedback structure based second-order active RC filter [6]. The system 
achieves  a 0.05~100Hz transmission bands by designing the series of  a second-order active high-pass 
filter(HPF) and a second-order active low-pass filter(LPF) whose cut-off frequencies are 0.05Hz and 
100Hz respectively with dual operational amplifier OPA2604, 0.05~100Hz band-pass filter circuit 
schematic diagram is shown in Fig2(b)It is implemented by using a dual operational amplifier OPA2604. 
For high-pass filter, the parameters are 8 9 68R R K= = Ω , 21 22 47C C Fμ= = , and the cut-off frequency is 
 
                                                                                                                                          (2) 
 
If the Gain k is 1, then the quality factor Q is                                                                                              (3) 
 
 For low-pass filter, the parameters are 10 11 1.6R R K= = Ω , 23 24 1C C Fμ= = and the cut-off frequency is 
                                                                   
                                                                                                                                                    (4) 
3.4 50Hz notch filter 
 In the process of ECG signal extraction, a band-stop filter is commonly used to restrain the 50Hz power 
frequency interference produced by outside or system itself, the band-stop filter is also called notch filter 
[7]. The double T-RC active notch filter is used in this system. It is an improved, Q value adjustable band-
stop double T active filter circuit. The circuit uses an amplifier to make a positive feedback in order to 
reduce the bandwidth which is the difference between it and the previous double-T notch filter. So the 
amplitude near both sides of the stop-band center frequency increases, quality factor Q can be regulated If 
the Gain k is 1, then the quality factor Q is      
 
                                                                             (5) 
by potentiometer Rs1. The schematic diagram of 50Hz notch filter is shown in Fig4(a).The transfer 
function of the circuit is 
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Fig. 4.(a)50Hz notch filter schematic diagram;(b)The main amplifier and voltage lifting circuit   
In the actual circuit, R is 6.8 and C is 0.47 6.8R K= Ω , 0.47C Fμ= ,the center frequency is:  
 
                                                                                                                                                   (7)           
                                                                                                                                                                                  
 In the preamplifier circuits, we amplified ECG signal about 10 times, and then the main amplifier 
circuit should  amplify it about 100 times to meet the requirements of post processing. The schematic 
diagram of main amplifier circuit is shown in Fig4.(b).In this design, the input range of the A/D converter 
we use is 0 ~ 3.3 V. In order to meet the A / D conversion range, we design a level lifting circuit.If we 
take 17 1R M= Ω , 2 10.1Rs K= Ω , The magnification is  
 
                                                                                                                                                 (8) 
                                                                                                                                                            
4.A / D conversion 
  The TMS320VC5509A provide 10-bit ADC input interface of double-channel. This is a continuous 
approximation type ADC and its external reference voltage is 3.3 V. The ADC can be controlled by 
setting up  four corresponding registers, ADCCtl、ADCDate、ADCC、lkDiv and ADCClkCtl . In this 
system we use channel 1. According to the sampling theory, the sampling frequency must be more than or 
equal to twice as much as the signal frequency in order to obtain the digital signal without distortion. The 
maximum frequency of ECG signals is 100 Hz, so the sampling frequency must be more than 200 Hz. 
The highest sampling frequency of this system is 21.5 KHz, so the system finally set sampling frequency 
as 360 Hz, which can meet the sampling theory [9,10].  The system uses the ADC in TMS320VC5509A 
which reduces system cost, and the stability is relatively better.   
In the A/D conversion of ECG signal, we start sampling in ADC through setting ADC Start in ADC 
register,  wait for completing data transformation by the enquiring the ADCBusy, obtain sampling data  
by read data from the  ADCData register , the data of low-10-bit  in ADCData is converted, so the high-
six-bit should be resetted, the procedures are described below： 
Data_in=ADCData;    // Obtain data                                                    Data_in&=0x03ff; // Data conversion 
 5.Digital filtering to Electrocardiological signal andTotal program flow 
  In order to get more cleaner ECG signal, the system should adds an analog filter after the digital  filter.  
a 0 ~ 100 HzFIR low-pass filter is designed to filter out-of-band noise by using frequency sampling 
method[8], whose stop-band attenuation can reach to 80 dB.  If a 0.05 ~ 100 Hz low pass filter is designed, 
the sampling density is too high, and calculation amount is too big, so  it can't meet the real-time 
requirment.The software system uses C programming language and mixed language to program. The 
overall process of program is shown in Fig5(a): 
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Fig5 .(a)The system flow chart 
6. System test results 
 The system uses Q15 to express integer and Q0 to express decimal [3]. The oscilloscope observation of 
ECG output signal is shown in Fig6(a).Real time ECG signal of LCD display is shown in Fig6(b) 
 
 
  Fig.6.(a)ECG waveform of output;(b)ECG signal of LCD display 
 This design adopts  TMS320VC5509A with high cost performance as its core, which Completes  ECG 
signal acquisition, completes the filtering and real-time display, achieves a ECG acquisition system of 
portable and low power consumption. Therefore, it has strong practical values. 
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